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(54) LIVING BODY IMPEDANCE MEASURING INSTRUMENT AND BODY COMPOSITION 
MEASURING INSTRUMENT 



(57) High frequency current application electrodes 
are brought into contact with both hands, both feet, etc.. 
which are extreme parts of a body in order to apply cur- 
rent to the parts of the body to be measured. Potential 
difference measuring electrodes are brought into con- 
tact with the parts to be measured along the path of the 
high frequency current. High frequency current applica- 
tion electrodes and potential difference measuring elec- 
trodes are selected to select the path of the high 
frequency current and the path of the potential differ- 
ence measurement in accordance with the purpose. 
Impedance on each of the parts of the body is meas- 
ured and body composition is derived. 
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Description 

Background of the Invention : 
Held of the Invention : 

[0001 ] The present invention relates to a living body 
impedance measuring instrument, and a body composi- 
tion measuring instrument for producing a body compo- 
sition in a whole body or in s part of a body of a person 
to be tested, based upon the living body impedance 
measured. 

Description of the Prior Art : 

[0002] It is well known to predict a body composi- 
tion using a living body impedance (see, for example, 
"Assessment of fat-free mass using bio-electrical 
impedance measurement of the human body". The 
American Journal of Clinical Nutrition, 41(4), 810-817, 
1985). A number of body fat measuring instruments 
based on this principle have been proposed (see, for 
example, USP No. 4,008,721 ; Japanese Patent Publica- 
tion No. 5-49050; and Japanese Utility Model Laid- 
Open No. 3-27050) and a number of "BHvT type body fat 
measuring instruments are now available in the market. 
[0003] Those prior art instruments include two high 
frequency current application electrodes and two poten- 
tial difference measurement electrodes required for 
measuring the living body impedance. One high fre- 
quency current application electrode is paired with one 
potential difference measurement electrode, and a high 
frequency current application terminal and a potential 
difference measurement terminal are disposed at the 
same end. Then they are attached to hands or feet of a 
human body. In order to produce a body composition, 
impedance values measured between a hand and a 
foot, between both feet or between both hands are basi- 
cally utilized to derive a whole body composition. There- 
fore, in the past, the body composition is not necessarily 
produced by taking into account of a living impedance 
data in a whole body. 

[0004] If it is necessary to change the parts to be 
measured for getting more precision in measurement, it 
is frequently difficult to remove and re-attach the elec- 
trodes because of paired connection of the high fre- 
quency current application electrodes and the potential 
difference measuring electrodes. Sometime, it is even 
necessary to take off one's clothes depending on the 
parts to be measured. 

[0005] The prior art four-electrode measuring proc- 
ess can only measure the living body impedance 
between both feet or between both hands. Accordingly, 
it is difficult to measure the living body impedance a part 
by a part of the body. 

[0006] Therefore, in case where the living body 
impedance should be measured a part by a part of the 
body, it is necessary for a skilled parson to attach four or 



more electrodes to the relevant parts of the body. In 
addition, the voltage value measured should be con- 
verted into the data such as the impedance on the parts 
or the body compositions by using highly complicated 
5 calculation process. This involves highly expert knowl- 
edge and complicated arithmetic operations. 
[0007] Another approach has been attempted using 
four pairs of electrodes each mounted for each of both 
hands and both feet. The electrodes are switched to 

•» n MAi^MCMi rtn nnni nAiinniil j-, n4i . t n i-. .-1 I'ff i > i I a£ 111 

*** i caouioiiciii ucivvccii uineieiii poi to ui lire: 

body. For example, the measurement may be per- 
formed between both hands, both feet, the right hand 
and the right foot, the right hand and the left foot the left 
hand and the left foot or the left hand and the right foot 

is (see Japanese Patent Laid-Open No. 9-285455). 

[0008] However, such approach is defective in that 
the data required for calculating the values on the parts 
to be measured involves many unnecessary compo- 
nents so that the measuring process is highly compli- 

20 cated. In addition, even when it is desired to only 
measure the main body portion, it is very cumbersome 
to perform because of four different types of data and 
the different calculations based on such data required. 
Furthermore, because of possibility of relatively large 

25 error inherently generated in the measurement of living 
body impedance, an amount of error cumulatively 
increases in proportion to the number of different data 
types used. Therefore, such approach involves a higher 
risk especially when it is used to measure the lower 

30 impedance portions such as the main body portion. 
[0009] In view of the above, there is a need to miti- 
gate or to eliminate the disadvantages of the prior art 
devices as above. Therefore, one object of the present 
invention is to provides an improved measuring system 

35 that requires no cumbersome repeated attaching and 
detaching operations for the electrodes, that permits 
easy measurement of the impedance on each of differ- 
ent parts of a body, and that can produce precise values 
of body compositions based on the impedance data 

40 measured. 

Summary of the Invention: 

[0010] According to the present invention, high fre- 
45 quency current application electrodes are brought into 
contact with both hands, both feet, etc., which are 
extreme parts of a body in order to apply current to the 
parts of the body to be measured. Potential difference 
measurement electrodes are brought into contact with 
so the parts to be measured along the path of the high fre- 
quency current. High frequency current application 
electrodes and potential difference measurement elec- 
trodes are selected to select the path of the high fre- 
quency current and the path of the potential difference 
55 measurement in accordance with the purpose. 

[0011] Potential difference is allowed to be 
appeared only on the parts of a body that are included 
in the path of high frequency current according to 4-ter- 
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minal law, and therefore, potential difference in any of 
sections along the path of high frequency current can be 
measured. As the result, the path of high frequency cur- 
rent and the potential difference measuring sections 
along the path can be selected in any combination to 
measure the impedance on desired parts of the body. 

Brief Description of the Drawings : 

[0012] 

Fig. 1 is a block diagram of a system comprising a 
living body impedance measuring instrument and a 
body composition measuring instrument according 
to one embodiment of the present invention; 
Fig. 2 is an equivalent circuit diagram of the living 
body impedance measuring instrument and the 
body composition measuring instrument according 
to one embodiment of the present invention; 
Fig. 3 is an equivalent circuit diagram of the living 
body impedance measuring instrument and the 
body composition measuring instrument when they 
are arranged to measure the impedance on both 
legs of a person; 

Fig. 4 is an equivalent circuit diagram of the living 
body impedance measuring instrument and the 
body composition measuring instrument when they 
are arranged to measure the impedance on an 
abdominal region of a person; 
Fig. 5 is an equivalent circuit diagram of the living 
body impedance measuring instrument and the 
body composition measuring instrument when they 
are arranged to measure the impedance on both 
arms of a person; 

Fig. 6 is an equivalent circuit diagram of the living 
body impedance measuring instrument and the 
body composition measuring instrument when they 
are arranged to measure the impedance on a chest 
portion of a person; 

Fig. 7 is a block diagram of a system comprising a 
living body impedance measuring instrument and a 
body composition measuring instrument according 
to another embodiment of the present invention; 
Fig. 8 is a block diagram of a system comprising a 
living body impedance measuring instrument and a 
body composition measuring instrument according 
to further embodiment of the present invention; 
Fig. 9 is a block diagram of a system comprising a 
living body impedance measuring instrument and a 
body composition measuring instrument according 
to yet further embodiment of the present invention; 
and 

Fig. 10 is a flow chart showing the operations of the 
system according to the present invention. 

Description of the Preferred Embodiments : 

[0013] Referring now to Fig. 1 , one embodiment of 



the present invention is shown in a block diagram. A 
body composition measuring instrument as shown in 
the figure comprises total ten electrodes. More particu- 
larly one high frequency current application electrode 

5 and one potential difference measurement electrode 
are mounted on each of both hands and both feet which 
are extreme parts of a body In addition, one potential 
difference measurement electrode is mounted on each 
of the roots of both arms. 

w [0014] In the figure, reference numerals 1 , 2, 3 and 
4 represent the high frequency current application elec- 
trodes for applying high frequency current to the body 
Those electrodes 1,2,3 and 4 are connected to switch- 
ing means 20 and 21 which are then connected to out- 

15 put terminals of a high frequency current source 30. 
Electrodes 5, 6, 7, 8, 9 and 10 are connected to switch- 
ing means 21, 22 and 23. The switching means 22 and 
23 are connected to a potential difference measuring 
device 40, and the switching means 21 is connected to 

20 output terminals of the high frequency current source 
30. The electrodes 5, 6, 7, 8, 9 and 10 are used for 
measurement of potential difference, but they may also 
act as the high frequency current application electrodes 
for applying high frequency current to the body. 

25 [0015] The switching means 20, 21, 22 and 23 are 
connected to a control, arithmetic and storage device 50 
so that they can independently operate to switch the 
electrodes according to control signals from the device 
50. 

30 [0016] The high frequency current source 30 con- 
nected to the switching means 20 and 21 comprises a 
current detection means for detecting its output current 
and a frequency change means for changing the fre- 
quency of high frequency current, both means are con- 

35 nected to the control, arithmetic and storage device 50. 
The current detection means functions to inform the 
detection result to the arithmetic and storage device 50, 
and the frequency change means functions to change 
the frequency of high frequency current according to the 

40 control signals from the control, arithmetic and storage 
device 50. v 
[0017] The switching means 22 and 23 are con- 
nected to the potential difference measuring device 40 
whose output is connected to the control, arithmetic and 

45 storage device 50 via an A/D converter 41. The A/D 
converter 41 functions to convert the output of the 
potential difference measuring device 40 into digital val- 
ues which are then fed to the control, arithmetic and 
storage device 50. 

so [0018] An input device 52 is connected to the con- 
trol, arithmetic and storage device 50 for entering some 
instructions for operations of the system and parame- 
ters for a person to be tested such as height and weight 
of the person. 

55 [001 9] A display device 53 connected to the control . 
arithmetic and storage device 50 functions to display 
parameter settings for the person to be tested, meas- 
urement results, and some indications indicating when 
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an error occurs. A buzzer 54 is activated to generate a 
tone at the time when the measurement is started, the 
measurement is completed, and any error occurs. A 
printer 55 produces a hard copy of the measurement 
results. 

[0020] A communication device 56 is connected to 
the control, arithmetic and storage device 50 in order to 
communicate between the system and the external 
devices. The communication device 56 functions to 
transmit the measurement results to the externa! 
devices, while it receives the parameters for the person 
to be tested and the instructions for operation of the sys- 
tem from the external devices. 

[0021] In the embodiment as shown, a memory 
card is used for the removable storage medium. The 
parameters used for the measurement and the data 
such as the measurement results are stored in the 
memory card through the control, arithmetic and stor- 
age device 50. 

[0022] The control, arithmetic and storage device 
50 functions to selectively activate the switching means 
20, 21 , 22 and 23 and to control changing of the fre- 
quency of the high frequency current. In addition, the 
device 50 functions to perform an arithmetic operation, 
based on the data or parameters for the person to be 
tested (which are entered from the input device, the 
communication device and the memory card), as well 
as on the data obtained by the measurement. As the 
result, the device 50 produces the values of impedance 
and the body composition, which are then fed to the out- 
put devices, the communication device and the memory 
card. 

[0023] A sequence of measuring steps and details 
of measurement in this embodiment will be described 
below (with reference to Fig. 10 that shows the flow of 
the measurement steps). In this embodiment, in order to 
prevent excessive current from passing through the 
body due to any defect of the device, before attaching 
the electrodes to the body, the same electrode is 
selected by the switching means 20 and 21 . This is for 
the purpose of self -diagnosis for finding out whether the 
output current is at normal level or at abnormal level. If 
it is found that the output current is at abnormal level, 
the measurement is stopped with an indication on the 
display device that indicates some abnormal condition 
prevailing in the system. 

[0024] If the self -diagnosis is successfully done, the 
parameters for the person to be tested and the instruc- 
tions for operations of the system are entered by the 
input device 52. Then, the electrodes are attached to 
both hands, both feet and the roots of both arms. 
[0025] Before starting the measurement process, in 
order to examine the contact condition of each elec- 
trode, any two different electrodes are selected by the 
switching means 20 and 21, and the check is made to 
see if the current passing therebetween is at normal 
level or not. If an abnormal current passes, it means that 
any one of or both of the electrodes selected is in poor 



contact or no contact condition. 

[0026] More particularly, while the electrode 1 is 
kept selected by the switching means 20, one of the 
electrodes 2 to 10 is sequentially selected by the switch- 

5 ing means 21 for examination. If it is found that an 
abnormal current passes when the electrodes 5 and 10 
are selected, it means that the electrodes 5 and 10 are 
in poor contact or no contact condition. It may happen 
that all the electrodes 2 to 10 are found abnormal after 

io they are sequentially selected by the switching means 
21. In such case, the electrodes 2 is kept selected by 
the switching means 20 and any one of the electrodes 3 
to 10 is sequentially selected by the switching means 
21 . In such manner, any poor contact or no contact con- 

is dition of the electrodes can be detected. 

[0027] Because of all the electrodes arranged to 
apply current to the body, the examination of the elec- 
trode contact condition can be performed depending on 
whether the current passing to the body from the high 

20 frequency current source is at normal level, or within the 
normal range, or at abnormal level. This greatly reduces 
the time period required for the examination. In view of 
such examination made before starting the measure- 
ment, it is unlikely that the measurement process would 

25 inevitably be interrupted in the course of measurement 
due to any defective contact of the electrodes. 
[0028] If any abnormal is found out in the examina- 
tion of electrode contact condition, the buzzer device 
may sound and/or the display device may display which 

30 electrode (or electrodes) is in poor contact or no contact 
condition, or which electrode is becoming to such condi- 
tion. 

[0029] If no abnormal is found in the examination of 
electrode contact condition, then the measurement is 
35 started. 

[0030] For the purpose of describing the present 
invention, some terms used herein are defined. Refer- 
ring to Fig. 2 that is the equivalent circuit diagram of the 
human body, "Z1" and "Z2" mean the impedance of 

40 arms; "Z3" and "Z4" mean the impedance of the chest 
portion; "Z5" means the impedance of the abdominal 
region; and "Z6" and "Z7" mean the impedance of legs. 
The electrodes 1 and 5 are attached to and brought into 
contact with the right hand. Similarly, the electrodes 2 

45 and 6 are attached to the left hand. The electrodes 3 
and 7 are attached to the right foot. The electrodes 4 
and 8 are attached to the left foot. Finally, the electrode 
9 is attached to the root of the right arm, and the elec- 
trode 10 is attached to the root of the left arm. Then, the 

so impedance "Z1" is called a "right arm impedance"; "Z2" 
a "left arm impedance"; "Z3" a "right chest impedance"; 
"Z4" a "left chest impedance"; "Z5" a "abdominal imped- 
ance"; "Z6" a "right leg impedance"; and "Z7" a "left leg 
impedance". 

55 [0031] The seven impedance "Z1" to "Z7" as indi- 
cated in the equivalent circuit of a human body are then 
measured according to the present invention, as 
described below. 
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[0032] When measuring the right leg impedance 
Z6, the electrode 1 is selected by the switching means 

20, the electrode 3 is selected by the switching means 

21, the electrode 8 is selected by the switching means 

22, and the electrode 7 is selected by the switching s 
means 23. Then, as shown in Fig. 3, the high frequency 
current I flows through the impedance Z1, Z3, Z5 and 
Z6 between the electrodes 1 and 3, but it does not flow 
through the impedance Z7. Therefore, potential differ- 
ence as measured between the electrodes 7 and 8 is w 
represented by the following formula: 

Potential Difference V = Z6 • I 

Then, the right leg impedance Z6 can be derived. is 
[0033] Similarly, when measuring the left leg imped- 
ance Z7. the electrode 2 is selected by the switching 
means 20, the electrode 4 is selected by the switching 
means 21, the electrode 7 is selected by the switching 
means 22, and the electrode 8 is selected by the switch- 20 
ing means 23. Then, the high frequency current I fbws 
through the impedance Z2, Z4, 25 and Z7 between the 
electrodes 2 and 4, but it does not flow through the 
impedance Z6. Therefore, potential difference as meas- 
ured between the electrodes 7 and 8 is represented by 25 
the following formula: 

Potential Difference V = Z7 • I 

Then, the left leg impedance Z7 can be derived. 30 
[0034] When measuring the abdominal impedance 
Z5, the electrode 1 is selected by the switching means 

20, the electrode 3 is selected by the switching means 

21 , the electrode 6 is selected by the switching means 

22, and the electrode 8 is selected by the switching 35 
means 23. Then, as shown in Fig. 4, the high frequency 
current I flows through the impedance Z1 f Z3, Z5 and 

Z6 between the electrodes 1 and 3, but it does not flow 
through the impedance Z2, Z4 and Z7. Therefore, 
potential difference as measured between the elec- 40 
trodes 6 and 8 is represented by the following formula: 

Potential Difference V = Z5 • I 

Then, the abdominal impedance Z5 can be derived. 45 
[0035] When measuring the right arm impedance 
Z1, the electrode 1 is selected by the switching means 

20, the electrode 3 is selected by the switching means 

21, the electrode 5 is selected by the switching means 

22, and the electrode 9 is selected by the switching so 
means 23. Then, as shown in Fig. 5, the high frequency 
current I flows through the impedance Z1 , Z3, Z5 and 

Z6 between the electrodes 1 and 3. Therefore, potential 
difference as measured between the electrodes 5 and 9 
is represented by the following formula: ss 

Potential Difference V = Z1 • I 



Then, the right arm impedance Z1 can be derived. 
[0036] Similarly, when measuring the left arm 
impedance Z2, the electrode 2 is selected by the switch- 
ing means 20. the electrode 4 is selected by the switch- 
ing means 21. the electrode 6 is selected by the 
switching means 22, and the electrode 10 is selected by 
the switching means 23. Then, the high frequency cur- 
rent I flows through the impedance Z2, Z4, Z5 and Z7 
between the electrodes 2 and 4. Therefore, potential dif- 
ference as measured between the electrodes 6 and 10 
is represented by the following formula: 

Potential Difference V = Z2 • I 

Then, the left arm impedance Z2 can be derived. 
[0037] When measuring the right chest impedance 
Z3, the electrode 1 is selected by the switching means 

20, the electrode 3 is selected by the switching means 

21 , the electrode 9 is selected by the switching means 

22, and the electrode 10 is selected by the switching 
means 23. Then, as shown in Fig. 6. the high frequency 
current I flows though the impedance Z1 , Z3, Z5 and 26 
between the electrodes 1 and 3, but it does not flow 
through the impedance Z4. Therefore, potential differ- 
ence as measured between the electrodes 9 and 10 is 
represented by the following formula: 

Potential Difference V = Z3 • I 

Then, the right chest impedance Z3 can be derived. 
[0038] Similarly, when measuring the left chest 
impedance Z4, the electrode 2 is selected by the switch- 
ing means 20, the electrode 4 is selected by the switch- 
ing means 21, the electrode 10 is selected by the 
switching means 22, and the electrode 9 is selected by 
the switching means 23. Then, the high frequency cur- 
rent I flows through the impedance Z2, Z4, Z5 and Z7 
between the electrodes 2 and 4, but it does not flow 
through the impedance Z3. Therefore, potential differ- 
ence as measured between the electrodes 9 and 10 is 
represented by the following formula: 

Potential Difference V = Z4 • I 

Then, the left chest impedance Z4 can be derived. 
[0039] As described above, the impedance on each 
of the parts of the body as shown in Fig. 2 are measured 
in accordance with 4-terminal law. The measurement 
results are transmitted to the control, arithmetic and 
storage device 50. On the other hand, the data such as 
the parameters of the person to be tested are entered 
and stored in the control, arithmetic and storage device 
50 by using the input device in advance. The control, 
arithmetic and storage device 50 performs the arithme- 
tic operations based on the measurement results and 
the parameter data to produce the body composition in 
part of or in whole of the body as well as the distribution 
for each of the composition components. As the result, 
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the difference in right-to-left of the arms, chest portions 
and legs can be derived and they are output to the dis- 
play device for indication. 

[0040] In addition, the impedance measurement is 
performed again, but with the change in frequency of 
the high frequency current, and "Cole-Cole plot law" is 
applied to the measurement results. Then, the amount 
of intracellular or extracellular fluid as well as the water 
content in each of the parts of the body can be derived, 
-n ^..r^^n* rocnitc anH thp rwa meters of a oer- 

i i ic incaouiciiiwiit i 

sons to be tested can partly or wholly be output to the 
printer device for printing, or transmitted to the external 
devices via the communication device, or stored in the 
memory card, depending on the applications, under the 
control of the control, arithmetic and storage device 50. 
[0041] One embodiment of the present invention 
has been described above. However, depending on the 
selection of the electrodes used for the measurement, 
the measurement of only living impedance between 
both hands, between both feet, or between a hand and 
a foot can. of course, be done, as in the case of the prior 
art. 

[0042] Apart from the embodiment as above 
wherein all the parts of the body are measured, only 
some of the parts, for example, the upper half of the 
body including both arms and chest portions, may be 
measured. In such case, the difference in composition 
for right and left arms and chest portions can be deter- 
mined from the measurement results. 
[0043] Forgoing is the description of the embodi- 
ment wherein the impedance on all the parts of the body 
are measured. Referring to Fig. 8, another embodiment 
of the present invention is shown in which two high fre- 
quency current application electrodes are each 
attached to the right hand and the right foot, and four 
potential difference measurement electrodes are each 
attached to both hands and both foot. According to this 
embodiment, each of the impedance "Z1 + Z3". "Z5" 
and "Z6" can be determined in one measurement oper- 
ation simply by changing the measurement path. 
Although not shown in the figure, another arrangement 
is possible wherein two high frequency current applica- 
tion electrodes are each attached to both hands, and 
four potential difference measurement electrodes are 
each attached to both hands and to the roots of both 
arms. In such case, the impedance "Z1" and "Z2" can 
be determined by changing the potential difference 
measurement path. 

[0044] Referring to Fig. 7, further embodiment of 
the present invention is shown in which two potential dif- 
ference measurement electrodes are each attached to 
the right hand and the right foot, and four high frequency 
current application electrodes are each attached to both 
hands and both feet According to such embodiment, 
each of the impedance "Z1+Z3". "Z5" and "Z6 W can be 
determined in one measurement operation simply by 
changing the current application path. Referring to Fig. 
9, yet further embodiment of the present invention is 



shown in which a pair of the high frequency current 
application electrode and the potential difference meas- 
urement electrode is attached to both hands and both 
feet respectively. According to such embodiment, each 
5 of the impedance "Z1 +Z3". "Z2+Z4", "Z5". "Z6" ancTZ7" 
for all the parts of the body can be determined in one 
measurement operation by independently changing the 
current application path and the potential difference 
measurement path. 
70 [0045] It is apparent from the foregoing that the liv- 
ing impedance on each of the parts of a human body 
can easily be measured so that calculation and assess- 
ment of the body composition on each of the parts can 
be performed. Therefore, the whole body composition 
is derived from such results is contributed by the living 
impedance information in whole body, thereby improv- 
ing the accuracy in measurement for the whole body 
composition. 

[0046] If it is desired that the composition on only a 
20 part of the body is known, the measurement on only that 
part of the body can be done. It takes shorter time 
period and relieves the discomfort of a person to be 
tested. 

[0047] In case where a person was injured on one 
25 arm and was subjected to treatment for longer period of 
time, it is effective to use the composition on the normal 
arm as the criteria of decision for restoration. In such 
case, only the part of the body that the person wants to 
know can be measured within shorter period of time, 
30 which relieves the discomfort of the injured person. 
[0048] Furthermore, the information indicating the 
parts of the body to be measured and the changing 
sequence of the electrodes required for the measure- 
ment may be entered to the system in advance as the 
35 measurement parameters. In such case, any specif ied 
part of the body can be measured simply by selecting 
any one of the parameters without any complicated 
operation. Such measurement and operation can easily 
be done by everybody or unskilled person. 

40 

Claims 



1. A living body impedance measuring instrument 
using 4-terrrtinal law, characterized in that it com- 
45 prises: 

a high frequency current generation source; 
three or more high frequency current applica- 
tion electrodes for applying the high frequency 
so current to the living body; 

a switching means for enabling application of 
the current along the different current paths to 
said high frequency current application elec- 
trodes; 

55 a potential difference measuring device; two 

potential difference measurement electrodes 
for measuring the potential difference; 
a control and arithmetic device; 



6 



MSOOCID: <EP 1013221A1_I_> 



EP 1 013 221 A1 



12 



11 

a storage device; and 
an output means; 
whereby said current path switching means is 
connected to such high frequency current 
application electrodes that allows measure- s 
ment of an impedance on the target part of the 
body under the control of said control and arith- 
metic device; 

a voltage value obtained from said potential dif- 
ference measuring device is converted into the io 
impedance value of said target part in said 
arithmetic device; 

said impedance value is stored in said storage 
device; and 

said impedance value is output to said output is 
means. 

2. A living body impedance measuring instrument 
using 4-terminal law, characterized in that it com- 
prises: 20 

a high frequency current generation source; 
two high frequency current application elec- 
trodes for applying the high frequency current 
to the living body; 25 
a potential difference measuring device; 
three or more potential difference measure- 
ment electrodes for measuring the potential dif- 
ference; 

a switching means for enabling measurement 30 
of the potential difference on the different parts 
of the body by said potential difference meas- 
urement electrodes; 4. 
a control and arithmetic device; and 
an output means; 35 
whereby the high frequency current is applied 
to the living body via said two high frequency 
current application electrodes; 
said switching means is connected to such 
potential difference measurement electrodes 40 
that can measure potential difference on the 
target part of the body under the control of said 
control and arithmetic device; 
a voltage value obtained from said potential dif- 
ference measuring device is converted into the 45 
impedance value of said target part in said 
arithmetic device; 

said impedance value is stored in a storage 
device; and 

said impedance value is output to said output so 
means. 

3. A living body impedance measuring instrument 
using 4-terminal law, characterized in that it com- 
prises: 55 

a high frequency current generation source; 
three or more high frequency current applica- . 



tion electrodes for applying the high frequency 
current to the living body; 
a first switching means for enabling application 
of the current along the different current paths 
to said high frequency current application elec- 
trodes; 

a potential difference measuring device; 
three or more potential difference measure- 
ment electrodes for measuring the potential dif- 
ference; 

a second switching means for enabling meas- 
urement of the potential difference on the differ- 
ent parts of the body by said potential 
difference measurement electrodes; 
a control and arithmetic device; and 
an output means; 

whereby the high frequency current application 
electrodes and the potential difference meas- 
urement electrodes are independently 
switched in such combination that the potential 
difference on the target part of the body can be 
measured under the control of said control 
device; 

a voltage value obtained from said potential dif- 
ference measuring device is converted into the 
impedance value of said target part in said 
arithmetic device; 

said impedance value is stored in a storage 
device; and 

said impedance value is output to said output 
means. 

A living body impedance measuring instrument 
using 4-terminal law, characterized in that it com- 
prises: 

four or more electrodes; 

a high frequency current generation source; 

a potential difference measuring device; 

a switching means for selectively connecting 

said high frequency current generation source 

or the potential difference measuring device to 

each of said four or more electrodes; 

a control and arithmetic device; and 

an output means; 

whereby the high frequency current application 
electrodes and the potential difference meas- 
urement electrodes are independently 
switched in such combination that the potential 
difference on the target part of the body can be 
measured under the control of said control 
device; 

a voltage value obtained from said potential dif- 
ference measuring device is converted into the 
impedance value of said target part in said 
arithmetic device; 

said impedance value is stored in a storage 
device; and 
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said impedance value is output to said output 
means. 

5. A living body impedance measuring instrument 
according to any one of Claims 1 to 4 wherein it fur- s 
ther comprises an input means; and 



said control device instructs to switch the high 
frequency application electrodes and the 
potential difference measurement electrodes w 
^w K ^^,„.y unuic ni|jui mrurmaDon tor measur- 
ing only the required part of the body; 
said arithmetic device operates to convert a 
voltage value obtained into the impedance 
value of said required part of the body; 15 
said impedance value is stored in a storage 
device; and 

said impedance value is output to said output 
means. 



20 



25 



>. A living body impedance measuring instrument 
according to Claims 3 and 5 wherein rt comprises: 

four high frequency current application elec- 
trodes each brought into contact with each of 
both hands and both feet which are extreme 
parts of the body; and 

four potential difference measurement elec- 
trodes each brought into contact with each of 
both hands and both feet which are extreme so 
parts of the body and each along the path of 
the high frequency current applied by said high 
frequency current application electrodes. 

A living body impedance measuring instrument 35 
according to Claims 3 and 5 wherein it comprises: 

four high frequency current application elec- 
trodes each brought into contact with each of 
both hands and both feet which are extreme 40 
parts of the body; 

four potential difference measurement elec- 
trodes each brought into contact with each of 
both hands and both feet which are extreme 
parts of the body and each along the path of 45 
the high frequency current applied by said high 
frequency current application electrodes; and 
two additional potential difference measure- 
ment electrodes each brought into contact with 
each of the roots of both arms. 



A living body impedance measuring instrument 
according to Claims 2 and 5 wherein it comprises: 

two high frequency current application elec- 
trodes each brought into contact with each of 
both hands which are extreme parts of the 
body; 



so 



55 



two potential difference measurement elec- 
trodes each brought into contact with each of 
both hands which are extreme parts of the 
body and each along the path of the high fre- 
quency current applied by said high frequency 
current application electrodes; and 
two additional potential difference measure- 
ment electrodes each brought into contact with 
each of the roots of both arms, 

9. A body composition measuring instrument in com- 
bination with a living body impedance measuring 
instrument according to Claims 1 to 8 wherein it 
produces a body composition in a whole body, a 
body composition in a part of the body, or both of 
them, based upon the living body impedance as 
derived from said living body impedance measuring 
instrument, and upon the physical characteristics of 
a person to be tested such as height, weight, etc. of 
the person. 

10. A body composition measuring instrument in com- 
bination with a living body impedance measuring 
instrument according to Claims 1 to 8 wherein it 
produces a body composition in a whole body, a 
body composition in a part of the body, or both of 
them, based upon the living body impedance as 
derived from said living body impedance measuring 
instrument, and upon the physical characteristics of 
a part to be measured such as length, diameter 
etc. 

11. A living body impedance measuring instrument 
according to Claims 1 to 8 wherein the parts of the 
body to be measured and the voltage measure- 
ments are stored in the storage device with mutu- 
ally corresponding relationship, and calculation of 
the impedance is performed with a formula corre- 
sponding to each of the parts to be measured. 

12. A body composition measuring instrument accord- 
ing to Claims 9 and 10 wherein the parts of the 
body to be measured and the voltage measure- 
ments are stored in the storage device with mutu- 
ally corresponding relationship, and calculation of 
the impedance is performed with a formula corre- 
sponding to each of the parts to be measured. 

13. A living body impedance measuring instrument 
according to Claims 1 to 8 wherein it comprises a 
removable recording medium; and wherein said 
control device instructs to store the data derived by 
the measurement and arithmetic operation to said 
recording medium. 



14. A body composition measuring instrument accord- 
ing to Claims 9 and 10 wherein it comprises a 
removable recording medium; and wherein said 



8 



15 



EP1 013 221 A1 



16 



control device instructs to store the data derived by 
the measurement and arithmetic operation to said 
recording medium. 

15. A living body impedance measuring instrument s 
according to Claims 1 to 8 wherein it comprises a 
communication device for communication with the 
outside of the instrument; and wherein said control 
device instructs to output the data derived by the 
measurement and arithmetic operation via the com- 10 
munication device. 

16. A body composition measuring instrument accord- 
ing to Claims 9 and 1 0 wherein it comprises a com- 
munication device for communication with the is 
outside of the instrument; and wherein said control 
device instructs to output the data derived by the 
measurement and arithmetic operation via the com- 
munication device. 

20 

17. A living body impedance measuring instrument 
according to Claims 1 to 8 wherein it comprises a 
communication device for communication with the 
outside of the instrument; and wherein said control 
device instructs to input the data required for the 25 
arithmetic operation via the communication device. 



ing to Claims 9 and 10 wherein the measurement is 
performed, based upon the information about the 
parts to be measured or measurement parameters 
that are already stored and upon the electrode 
switching information for selecting the electrodes; 
or alternatively the measurement is performed, 
based upon a measurement parameter which is 
selected among a plurality of the measurement 
parameters already stored. 

A combination of a living body impedance measur- 
ing instrument and a body composition measuring 
instrument, characterized in that it comprises: 

a detection means for detecting whether an 
electrode is in contact with the living body or 
not; and 

a control device for acting in such manner that 
when it is found that there is no contact present 
between the electrode and the living body it 
outputs no data produced by a measurement 
and arithmetic operation to an output device or 
it informs the output device that there is no con- 
tact present between the electrode and the liv- 
ing body. 



18. A body composition measuring instrument accord- 
ing to Claims 9 and 10 wherein it comprises a com- 
munication device for communication with the 30 
outside of the instrument; and wherein said control 
device instructs to input the data required for the 
arithmetic operation via the communication device. 



19. A living body impedance measuring instrument 35 
according to Claims 1 to 8 wherein it operates to 
change the frequency of the high frequency current 
according to a control signal from the control device 
and to apply it to the living body. 

40 

20. A body composition measuring instrument accord- 
ing to Claims 9 and 10 wherein it operates to 
change the frequency of the high frequency current 
according to a control signal from the control device 
and to apply it to the living body. 45 



21. A living body impedance measuring instrument 
according to Claims 1 to 8 wherein the measure- 
ment is performed, based upon the information 
about the parts to be measured or measurement so 
parameters that are already stored and upon the 
electrode switching information for selecting the 
electrodes; or alternatively the measurement is per- 
formed, based upon a measurement parameter 
which is selected among a plurality of the measure- ss 
ment parameters already stored. 

22. A body composition measuring instrument accord- 
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